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"Future generations may find 1t
.difficult to understand why it
is taking us so many years to
appreciate the significance of
reduced temperatures."

••• Allen ( 33)
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INTRODUCTION

The problems of Refrigeration Anesthesia itself are
new and its values and limitations are still undetermined.
We may be assured, therefore, that at this particular
moment at least, refrigeration therapy is still in the
stage of scientific observation and dispute.

Heinbecker,

for example, although he gives due credit and praise to
the work of Allen, feels that there are many questions
still unanswered, and that only after the medical profession has cautiously passed upon its merits and disadvantages, will there arise an acceptable method of treatment with crymo-therapy.
Most obse!'V'ers do feel, however, that refrigeration
is a definite adjunct to our present-day therapeutic
armamentarium.

It is not intended to aupercede other

forms of anesthesia when the general condition of the
patient is good, but it is a valuable aid in the treatment of poor risk patients.

Few observers have claimed

any merit for this therapy when normal circulation is
present.
'lhus, with a feeling that I have been amply repaid
for my efforts, it is my pleasant task to attempt to
review the uses of refrigeration anesthesia in medical
practice.

1
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THE HISTORY OF REFRIGERATION ANESTHESIA

The use of ice as a therapeutic agent has long been
a minor tool of Medicine and the empirical control of
pain by thermal methods is as old as recorded medicine,
probably as old as time.

Hippocrates recommended the

use of cold and ice applications in the treatment of injuries, and Arabian physicians used them in the treatment
of fever. ( 95)
Probably the first mention of ice as a definite adjunct in the armamentarium of a surgeon was not until
1646 when Marco Aurelo Severeno, an Italian, wrote a
monograph on the use of freezing mixtures of ice and snow
to produce surgical anesthesia. (32)

In fact, even though

one of Severeno's students, Thomas Bartholin, continued
experimenting in the anesthetic effects of cold, the works
of both of these men were disregarded during the following
three centuries until John Hunter began to anesthetize the
ears of rabbits with cooling mixtures. (106)
Although Currie (31) mentions that cold in extreme
degrees was used as a powerful and effec~ive sedative
early as 1805, definite clinical observations regarding
the anesthetic effect of cold were first described by
Dominique Larrey, Surgeon General of Napoleon's army.
He noted, durin~ the winter campaign of 1807, that his
patients felt no pain when amputations were performed

I
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at 19°C below zero.

Similar observations were made by

Morieheau-Beupre, who served as a surgeon with Napoleon's
army during its retreat in Moscow.
Local refrigeration was later investigated by Arnott
(1848), Guerard Richet (1854), and Richardson (1866), but
their observations were not made use of in clinical practice because of the incidental discovery of ether and
chloroform for anesthetic purposes. (41) (106)
For the years that followed, as for centuries gone
by, clinicians continued to use the lowly ice bag, ice
packs, and cold compresses in the treatment of various
conditions, yet the scientific knowledge of the physiological effects and the knowledge of the useful range of
cold was lacking.

In fact it has been during the last

decade that the greatest advances have been made in the
uses and applications of hypothermia in clinical and experimental medicine.
Temple Fay (83) in 19?;6 became interested in the
peculiar habit of metastatic carcinoma to appear in the
warmer body areas and he thus undertook to study the
effect of cold on neoplastic tissue.

The significance

of his work, as will be discussed later, was overshadowed by the observation that cold could be applied
for prolonged periods of time without any evidence of
damage to living tissue.

This threw open the gates to

a new field of invest1gation----refr1geration anesthesia.
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It remained for Dr. Frederick M. Allen and his coworkers to claim priority in the use of cold as an anesthetic for amputation, and it was through his efforts
that the first operation was performed at the City
Hospital of N~w York. (91)

Since then, merely five years,

the application of this type of anesthesia has found an
avenue into nearly every branch of Medicine.
this sudden growth that this paper deals.

It is with
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THE FUNDAMENTAL PHYSIOLOGY OF REFRIGERATION ANESTHESIA

A small dip into the vast vats of information and
speculation as to the physiological effects of cold is
imperative at this point.

A few basic laws and state-

ments will suffice.
Refrigeration, as referred to in this paper, is the
chilling of tissues, not the freezing; freezing severely
~

damages tissues, as in frost bite; refrigeration does not.
( 82) ( 90)

Pure water freezes at zero degrees centigrade.

How-

ever, blood and tissues are not pure water; they are primarily colloids and crystalloids in solution, and being
such have a freezing point below zero degrees centigrade.
Thus, if ice is applied directly to the skin, even though
it melts, the tissues can not freeze.

This is not only

because the freezing points of tissues are lower than
that of water, but also because the skin temperature
cannot drop to zero for there develops a thin film, a
protecting envelope, of water between the skin and the
ice.

Actually the skin temperature is somewhere between

one and five degrees above freezing, hence, in answer to
much speculation, there is a definite margin of safety.(15)
Needless to say, dry ice, carbon dioxide snow, or salt in
the ice should never be used. (95)
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Likewise, it has long been known, in plants as well
as animals, that within certain physiological limits the
velocity of most biological processes varies directly with
the temperature.

At temperatures close to freezing there

is almost complete cessation of cellular activity. (70)
Basically then, refrigeration anesthesia is merely an
application of the above principles.

In lowering the

tissue temperature to a level slightly above freezing there
is a stoppage of cellular metobolic activity to a point
that is just compatible with tissue viability. (89)

It

puts the cells at absolute rest in a manner comparable to
hibernation, and, therefore, these inactivated cells will
not respond to stimuli (54), for when the temperature is
lowered toward the metabolic rest point the activity of
all protoplasm is inhibited, whether it be the cells of
nerve, muscle, or other tissue, or even invading organisms.

(56)
It is clear, then, that since one of the fundamental
properties of protoplasm, irritability, is arrested by
cold, nerve impulses too are abolished.

It is in this

respect that refrigeration anesthesia differs from other
types or known anesthesia.
Other anesthetic agents function chemically upon the
nervous system either by direct interruption of the flow
of pain impulses on the peripheral nerves, or by the inhibition of conscious perception centrally.

I

With all

PAGE 6

anesthetics, except refrigeration, the general body cells
continue their metabolic activities without interruption,
thus allowing the duration and extent of tissue injury
inflicted by concomatant surgery to be primary factors
in the production of various degrees of shock. (7)
Refrigeration, conversely, is purely a physical
agent that causes a temporary suspension of protoplasmic
function and at the same time eliminates shock at its
source.

Physiologically, then, the operation is carried

out on an object not attached to the patient.

Therein

lies one of its virtues. (62)
Another basic factor is that the highly intricate
processes of metabolism in man, exactly as in a single
tissue cell, is known to vary directly with c~anges in
body temperature; the basal metabolic rate varying some
13% with each degree centigrade change. (16)

It can be

said, then, that the oxygen consumption of tissues can
be reduced about 13% for each degree centigrade drop in
temperature.
Thus, in clinical application, if the circulation of
blood to a tissue becomes deficient (as with embolism,
thrombosis, or advanced arteriosclerosis) a desparity
may easily exist between the supply and the demand for
oxygen on the part of the tissue cells.
Likewise, since the assets of normal inflammatory
response are increased exudate, increased absorption, and
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increased healing of tissues with accelerated tissue
metabolism, again there is a call for an increased oxygen
supply out of proportion to the blood flow.

If this oxy-

gen demand by the tissues canno~ be met by the decreased
blood supply, as in the examples cited on the preceding
page, is it not logical then to retard the metobolic
needs of these tissues to a level commensurate with the
available oxygen supply brought by the deficient circulation?

Here again lies another virtue of refrigeration.
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THE INDICATIONS AND ADVANTAGES OF REFRIGERATION ANESTHESIA

As has been pointed out in the brief discussion on
the fundamental physiology of refrigeration anesthesia,
its application has been limited mainly to the extremities.
However, at the present, it is finding its way into every
branch of Medicine.
The advantages of this therapy can not be made more
clear or succinct than t hat stated by Dr. Frederick M.
Allen (5) and the liberty is taken here of quoting a
paragraph in full:
"These advantages may be summarized as the
avoidance of operative shock, which is particularly
important in poor risk patients; control of infection and intoxication; freedom from postoperative
pain and edema; reduction of local tissue metabolism
so as to bring the needs within the capacity of the
impaired blood supply, thus preventing sloughing
and favoring primary union; preservation of poorly
vi t alized tissues and blood ve s sels, which together
with direct inhibition of clotting minimi zes the
dangers of thrombosis and embolism, and, in total,
an improvement in local and constitutional conditions which has strikingly reduced the death ~ate
from amputations in our own exr,erience and in that
of many independent observers.'
Broadly speaking, then, refrigeration anesthesia has
been especially recommended in the past for selected cases
of:
A.

Vascular Diseases of the Extremities
1.

Arteriosclerotic gangrene

2.

Diabetic gangrene

3.

Embolism and thrombosis
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B.

Uncontrollable limb sepsis
1.

Primary

2.

Secondary to trauma

The surgical management of cases of either arteriosclerotic or diabetic gangrene of the lower extremity
has in the long past produced results that were far from
satisfactory. (84)

This has especially been true in the

municipal hospitals of large cities.

Here, usually, the

patients who present themselves with gangrene are old,
weak, decreped, unemployed, and discouraged individuals,
often with_ little or no incentive to live. (29)

In fact,

the thought of having an operation to a patient of ad~
vanced age is often so demoralizing that this in itself
constitutes a major factor in the production of a poor
prognosis. (48)
However, such were the patients that presented themselves to Dr. Frederick Allen -- the father of refrigeration anesthesia -- and to the New York City Hospital -the dumping ground for all the other hospitals in New
York. (79)

More often than not, these patients did not

apply for aid until their condition was well started
toward being a toxic state or even moribund.

The prob-

lem was usually complicated by their old age and the
frequently associated and often uncontrolled diabetes,
as well as auricular fibrillation, coronary sclerosis,
hypertension, pneumonias, and other debilitating condi-
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tions that are usually contra-indications for most, if
not all, of the usual forms of anesthesia. (93)

It is in

these cases that refrigeration anesthesia has been of the
greatest value.
So it has been all over the world, people sorely in
need of amputation, have been allowed to die because experience and judgment warned against operation.

Others

have been so badly infected that their lives could be
saved only by ridding them of the infected member.
In the hospital cited, the mortality in amputation
for diabetes and perivascular disease was formerly 65%.
With the use of refrigeration anesthesia the mortality
ls now leas than 15%. (66)

This new low is rather

startling when one considers that these patients usually
are poor-risk patients of the first class.

It is not be-

yond sanguine expectations to assume present-day chemotherapy will lower this mortality still more.
The problem of associated diabetes with gangrenous
tissue has always been a sign of 111 omen to the surgeon.
However, as already pointed out, since the introduction
of the refrigeration method in the City Hospital of New
York, in February of 1941, surgery has not been refused
to any patient --- many patients whom previously had been
refused as inoperable. (10)
I

However, the problem of the diabetic can now be envisaged from a wider angle.

I
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Patterson (89) has pointed out that to treat a diabetic gangrene successfully, the surgeon must not be in
too great a hurry to operate, for surgery of this type is
usually not an emergency.

The diabe~ic status should be

well adjusted first, and in cases with infection, the
newer methods of chemotherapy should be applied.

If the

patient is an extremely poor risk, a tourniquet and refrigeration should be applied soc.hat the gangrenous extremity is completely isolated from the general circulation.

The patient is then no longer absorbing toxins from

the area and under proper refrigeration is free from pain.
Time can be taken to improve his physical condition by
such rehabilitating steps as transfusions, intravenous
fluids, vitamins, and control of the diabetic condition.
Amputation can then be done the next day or even later,
if desirable.
Thus, withou~ any additional anes~hesia, the amputa~ion may be painlessly performed.

An important advan-

tage is that the patient avoids a general anesthetic,
most of which elevate the blood sugar ( 34), and all of
which produce post-operative nausea and vomiting, which
are detrimental to the diabetes.

Likewise, the manage-

ment of the diabetic patient is simplified for the
patient need never miss a meal; hence there is no need
for change in the insulin or caloric requirements.
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Kelly (56), with more that lanquid interest, has
remarked:
"We are very enthusiastic about this method, for in
my thirty years of practice 98% of all diabetics · died
following aputation, whereas now, wi t h the anesthesia
of protoplasm, 98% are living !"
One of the greatest advantages of refrigeration anesthesia in such cases as limb trauma, embolism and thrombosis; burns, and infection, is the avoidance of shock
and the relief of pain without the aid of the customary
medications.
For example, as pointed out by Crossman and Safford(37),
a sudden arterial occlusion, such as a major embolism of
a limb, is one of the most painful conditions known to
man, and a condition of great discomfort for many hours
after the initial obstruction.

Here, again, refrigeration

gives immediate relief of shock and pain, as well as
warding off gangrene, if necessary for several weeks,
until the patient's constitutional strength is improved
or an embolectomy can be performed.

Heretofore, the

time limit for a successful embolectomy has been set at
about four hours.

This was usually not sufficient time

to permit diagnosis, a meeting of the patient and surgeon,
and the execution of hospital preparations for such a
procedure.
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Thus, on theoretical grounds at least, refrigeration
can be advocat~d in cases of embolism or thrombosis if
they are received within the usual operative period.

The

tourniquet can be immediately applied to prevent further
migration of the clot, while the hypothermia controls the
pain, prepares the limb for operation without other anesthesia, and inhibits the formation, extinsion and adhesions
of clots, and preserves the vitality both of the tissues
and of the vessel walls.

Likewise, continued chilling a

few days after operation may be expected to improve results, by preservation of damaged tissue and reduction
of the tendency of thrombosis.
It has been recently emphasized by Veal (lOD that
venous thrombosis in amputed stumps is the frequent
cause of post-operative fatality, owing to subsequent
embolism.

Dr. Crossman (4), on the other hand, posses-

sing a masterly understanding of refrigeration anesthesia,
has not had a single accident of this kind in a series of
about one hundred and fifty amputations of poor risk
patients.

Allen (6) feels this is because cold acts di-

rectly to retard clotting by reducing the enzymatic activity of the blood, as well as preserving the tissue
vitality of the walls of the blood vessels.

Examples are

furnished by the absence of thrombosis in the legs of
animals ligated under refrigeration for several days.
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In clinical application, then, the most helpful
stages to use refrigeration for embolism or any other
blood vessel injury is immediately after the accident.
Therefore, a s soon as thers is reasonable certainty of a
major arterial occlusion which cannot be overcome by
heparin, heat or vasodilator drugs, i L should be remembered that warmth is extremely destructive to anemic
tissues, and a refrigeration treatment has been proposed
as follows:
The limb should be packed in ice as early as possible, even in a home or factory, before removal to the
hospital.

Also, as soon as possible, a tight tourniquet

should be applied proximal to the thrombus.

The purpose

is to stop inadequate collateral circulation which carries
warmth a nd blood for additional clotting , to prepare an
anesthesi a field fo r early operation, or safeguard the
part if operation is delayed, a nd meanwhile to preserve
vitality of tissues and blood vessel s and particularly to
arrest upward extension of the thro mbus, which must stop
at the tourni quet line.
Thus, after adding the necessary salt of incredulity,
it may be concluded that immediate refrigeration, with a
tourniquet proximal to the thrombus, will greatly lengthen
the time limits for embolectomies, or by the development
of collateral circulation, permit amputation, if necessary ,
at a lower level than if the operation had b e en immediate.
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The same purposes may also serve in traumatic thrombosis
and other results of trauma.
'lhe record of refrigeration regarding septic infections has been impressively good.

Allen and Crossman (12)

have performed amputations at low levels even when
lymphangitis or frank pus extended above the line of
incision, dependence being placed primarily upon refrigeration and to a lesser extent on drainage and the sulfonamides.
It has been previously pointed out that Smith and
Fay (38) have experimentally shown that pathogenic
bacteria are held completely static at a temperature between 40-50°0 while tissue metabolism and gradual repair
took place.

This bacterial growth can be inhibited until

tissue repair has progressed to a point where natural
defenses can minimize or eliminate the process.
Lobacher (65), by highly technical experiments on
excised infected tissue, with cultures of both refrigerated
and unrefrigerated specimens being done on both aerobic
and anaerobic media, has shown that during anesthesia by
cooling the growth of organisms is inhibited in spite of
the presence of favorable soil in the injured tissue.
A case of McElvenny's (72) will serve as a dual
clinical example of the value of refrigeration in limb
sepsis, as well as the value of therapeutic cold without a tourniquet:
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"The case was of a man who one hour previously had
been run over by a railroad train, which had amputated
his left leg, just above the knee, and his right leg,
through the knee joint.
The man was lying on the floor of the emergency room
when first seen. His blood pressure was :IJ/0. He was
given gum acacia through the veins of both arms. As soon
as possible whole blood was given, because it was believed
that it would be more beneficial than blood serum. The
tourniquets, which the house surgeon had applied about
the thighs were released, and all bleeding points were
seized with hemostats, which were left in place.
The day of the accident was slushy, and because of
the sudden application of the train's brakes the undercarriage of the cars had rained snow, mud, and sand over
the limbs. This material was ground up and mixed with
clothing, huge flaps of skin, muscle and bone. The ends
of the stumps were ragged and extensively macerated.
Ten hours after injury the patient complained of
pain in the left chest. He was irrational, and was tossing from side to side, complaining of pain in his feet
and legs. Twenty hours after injury a pronounced foul
odor was emanating from the stumps. He was irrational.
His blood pressure was 50/10. A consultant confirmed the
diagnosis of pneumonia, and sulfapyridine was substituted
for the sulfanilamide he had been getting. His temperature was 101.4°F. by axilla.
It was evident that nothing could be done at this
time for the patient's lower extremities. The stumps
were completely enclosed in shaved ice to two inches above
the extent of tissue damage. No tourniquets were applied.
Within one hour following the application of the ice all
pain ceased in the lower limbs. Soon the foul odor from
the stumps vanished. The patient became quite rational,
and it was possible to take his temperature by mouth.
The icing profoundly affected his temperature, because
it fell to 97.2°F. by mouth. Heat blankets were applied
over the patient's body and the temperature again rose to
around 101°F. by mouth. Supportive treatment was given,
including blood, and he was given three successive prophylactic doses of combined sera.
Fifty-eight hours later the patient's condition had
markedly improved. Blood pressure was 110/60; fever was
101°F. by mouth. The pneumonia was not progressing. The
patient was completely rational. At this time the patient
was taken to the operating room and under ethylene anesthesia both lower extremities were elevated, high tourniquets were applied, and a simultaneous bilateral amputation was done. Recovery of this patient was uneventful.
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At the time of operation there was no redness, induration, or ecchymosis of either thigh, at or below the
site of amputation. During the operation the patient's
blood pressure fell from 110 to 105. Five days after
surgery the patient was sitting up in bed, reading the
paper, and smoking his pipe. The stumps healed kindly,
with no signs of induration .or slough of skin or other
tissue. There was slight drainage from each s~ump, but
by the end of six weeks bo~h stumps were practically
healed.
The appearance of the amputated parts was interest~
ing. They were cold and firm. There was no gross evidence of infection or inflammation. The muscle was red
and healthy looking. The fascia glistened. There were
no blood clots. This was probably due to the washing
achieved by the melting ice. 'Ihe mud and sand were moist
and looked as of the day of the accident. The particles
of sand stood out in bold relief on the surface of the
tissue, with no signs of sticking to the tissue, as is so
often seen in wounds that are softened by disintegration.
The subcutaneous fat was firm. A few pieces of skin had
purposely not been included in the ice. These pieces were
gangrenous and had a foul odor, while equally detached
pieces of skin that were included in the ice were well
preserved.
The icing in this case was used in order to prevent
the advance of bacterial infection. This purpose was
achieved. In addition, the icing stopped local pain,
materially aided the patient in combating shock and
stopped all odors emanating from the stump. Physiologically and bacteriologically, the above procedure would
seem to be sound practice in combating pain, shock and
advance of bacterial infection in cases of hopelessly
traumatized extremities."
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THE GENERAL TECHNIQUE OF REFRIGERATION ANESTHESIA

The actual technique of refrigeration anesthesia,
with its many slight variations, will be described in
stages.

The precise execution of some of the smaller

details may be decisive for the success of the anesthesia.

A.

PRELIMINARY SEDATION:
Although no drug 1s necessary as an aid to the

anesthesia, most authors feel that anyone who is to have
a leg amputated, for example, will suffer preop erative
emotional distress and should be given a sedative of
some kind.

The average patient is made more comfortable

by the preliminary administration of a barbiturate, while
more phlegmatic individuals -- as they often are -- prefer a drink of whiskey.
be required.

Rarely morphine or codeine may

The purpose of all is purely psychic and

is unrelated to the a ctual pain-free anesthesia. (8 5)

B.

PREOPERATIVE CARE OF PATIENT:
It is the duty of both the attending physician and

the nurse to prepare the patient both physically and
mentally for the operation.

Besides the use of sedation,

Van Blarcome (100) has found that t h e fear and apprehension can be much lessened by a skilled nurse who simply
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explains the procedure at each step.

This preferably

should be carried out in a private room or isolated cubicle, to lessen the excitement.
While the patient's general physical condition is
being improved, Cayford and Pretty (27) feel that a
definite determination of the available collateral circulation should be assertained so that the amputation
can be made at the lowest practical site.

In addition

to a study of skin temperature differences, they introduced the technique of arteriogram by injecting 20 cc
of 70% Diodrast into the femoral artery just below the
inquinal ligament and then taking an X-ray.
Bowers (21) carries out a similar test by placing
the patient in a darkened room and rapidly injecting
2-4 cc of

5%

Flourescein and

5%

sodium becarbonate

intravenously and then viewing the extremity under
ultra-violet light.

A bright yellow-green color in the

skin and peripheral vessels appears where the circulation is adequate within twenty seconds after injection.
The day previous to surgery the operative area
should be thoroughly and properly prepared by shaving,
followed by a full ten minutes scrub with soap and water,
and then a final cleansing with alcohol and ether.

Van

Blarcome (100) feels a soapsuds enema is indicated in
every case to prevent postoperative distention as well
as the possibility of contamination of the surgical field.

•
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After a light supper, a good restful night should be assured by the use of a mild hypnotic such as nembutal or
seconal. (85)

C.

PREOPERATIVE TECHNIQUE:
The preoperative bed should be protected with a full

length rubber sheath, and a thin blanket placed under the
patient for added warmth.

The limb should then be ele-

vated and an Esmarch spiral bandage firmly applied from
the distal end (e.g. toes) up to the previously determined
tourniquet site.

In cases of malignancy or infection

elevation of the member for a few minutes is all that
should be done. (69)

Allen (12) feels that in the aver-

age case, especially of arteriosclerotic gangrene, the
scanty blood in such a limb is not enough to warrant the
danger of systemic infection.

Other authors feel that

the autotransfusion of blood is important. (85) (91)
Nixon (85) has found it more convenient for the
hospital personnel and for teaching purposes to use a
dye to mark the three levels of:

(1) Skin incision

(2) Bone amputation and (3) Tourniquet sites.

Ice bags, with or without sedation, can then be
applied to the leg at or slightly above the proposed
level of the tourniquet.

Fifteen minutes will suffice;

thirty is more effective (12), and an hour or more is
harmless. ( 86)

Extremity is surrounded with ice bags
for one half hour at the proposed level of
tourniquet. Dye lines indicate the levels
of skin incision, bone amputation, and
tour niquet sites.
( These photographs were graciously
furnished by Dr. Lyman w. Crossman
of the New York City Hospital .)
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,

D.

REFRIGERATION TECHNI QUE:
Several authors (73) (47) (64) (50) have adequately

d escrib ed the technique of the application of refri g eration in amputation as well as in the t reatment of traumatic injuries.

A mi ddle-of-the-road technique, one more

or less universal, will be presented with notations of
their differences, advantages and disadvantages.
There are four generally accepted measures for
producing refri g eration anesthesia:

1. The application of pure gum rubber ice bags
2. Immersion in ice water
3. Packing in cracked ice
4. Use of mechanical apparatus
The first two measures are limited in their use and
are, therefore, not enti r ely satisfactory.

However, the

ice bag is probably the most common method of hypothermia
application in medical therapeusis.
Krieg (59), in an excellent discussion of the role
of the ice bag in the control of p ostop erative pain, has
substituted this thermal method for the administration
of narcotics with cons iderable success.

He has pointed

out its special value in the postop erative treatment of
the aged, the allergic, and for injuries in both civil
and military practice where opium derivatives are not

I
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indicated.

The technique consists of placing a double

thickness of sterile cellophane over the incision and
sealing the edges with wide strips of adhesive tape.

The

ice cap is then placed directly upon the cellophane which
acts as a waterproof dressing of good conductivity.

There

is no interference with wound healing and narcotics can be
dispensed with entirely.
On this same theme, Parker (88) has employed refrigeration in animals, which, for experimental reasons, he
wishes to have under general anesthesia without the use
of drugs.
Often patients who enter for amputatio~ of a gangrenous extremity are strong enough to sit up.

In such a case,

when the amputation is to be done below the knee, the
patient can sit on a chair and immerse the leg in a tall
bucket of ice water, to an inch or more above the tourniquet.

Except for the sudden sensation of cold there is no

pain. (85)

This method is still more convenient for arm

operations and, as will be pointed out later, for local
anesthetic of extremities or parts thereof.

It is also of

value in patients who, for cardiac or pulmonary reasons,
can not lie flat on their back. (42)
The cracked ice method, although it is rapidly being
replaced by the newer mechanical apparatus, is still used.
The technique consists merely of spreading a layer of ice
-- Kirz (58) stresses sterile ice -- about four inches

Leg elevated or Esmarch bandage is
ap!_,lied to drain blood from extremity .
i
double tourniquet is then painl es sly
applied, and the leg immediately buried
in ice .

ub b er sheeting is then wrapp ed around
l0g and tied. Woolen blankets can be used
for added insulation.

Head of bed is elevated twelve
i n ches. Gravity drains ice water
into pail at foot of bed and sheets
remain dry.

If patient can not be recumbent he can
it in a wheel chair.
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thick on a rubber sheath.

The leg is then rested on the

ice and completely buried by more ice.

The rubber sheath

is then wrapped around the ice-covered limb and secured
with a few turns of bandage.

The head of the bed is then

elevated about ten inches and the rubber sheath is draped
to protrude beyond the foot of the bed as a funnel, so
that the water from the melting ice can drip into a container on the floor.
The main objection to the rubber-sheath method is
its inconvenience and messiness.

To overcome these dis-

advantages, several authors (15) (45) (24) (57) (47)
(94) (52) (100) have independently described special
boxes or troughs -- some ingenious -- for holding the
limb and ice.

These clinicians feel that these newer

methods do represent an improvement over the older
methods; yet they are inexpensive enough that they be
adopted by institutions dealing with amputations, but
not in sufficient quantities to warrant the expense of
the electric refrigeration apparatus.
The mechanical apparatus, regardless of its initial
expense of approximately $700.00 (61) is preferred by
most surgeons.

Allen (8) and others (73) (29) (42) feel

that the best aparatus on the market at the present time
is manufactured by the Therm-o-Rite Products Company of
Buffalo, New York. (99)

The apparatus consists mainly

of a portable refrigerating cabinet with a practically
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noiseless electric pump that circulates a liquid (that
can be thermostatically controlled from 20° to l?D° F)
through any type of applicator desired, whether it be a
flexible blanket or a small hollow applicator .

It can

be plugged into any wall circuit and eliminates all the
inconvenience of ice for anesthesia.

E.

OPERATIVE PROCEDURE:
There are two popular methods of operative procedure.

One, .as suggested by Heinbecker (50), is to employ the
tourniquet plus refrigeration for the necessary time to
control toxemia, infection, or any derangements of metabolism, and then amputate all the refrigerated tissue by the
use of inhalation or spinal anesthesia.
The other method employed by Allen (8), Mock (82) and
others, uses refrigeration for the preservation of the
physiology, as mentioned above, as well as for the anesthesia itself.
The tourniquet is applied two and one-half hours before surgery is comtemplated and then packed in ice
immediately.

McEwan (73), in a review of the literature

and from personal experience, has shown that a low or
mid-thigh amputation requires two and one-half hours
refrigeration with a tourniquet, two hours for the upper
one-third of the leg, one and one-half hours for the
lower one-third, one hour for a foot or metatarsal
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amputation, and fifteen to thirty minutes for a finger or
toe.
The refrigeration is kept in place while the patient
is transported to the operating room and until the surgeons and nurses are all scrubbed and waiting.

The ice,

or apparatus, is then removed, the skin dried quickly,
and skin preparations and drapings rapidly completed.
Solutions and instruments may be celled beforehand by
immersing the basins in ice baths. (85)
From this point the operation is carried out according to standard procedure. (80)

Crossman ( 27), however,

for a low-third amputation of the thigh rapidly disarticulates the knee and thus removes from the operating
room "the malodorous, inf ect-ed extremity. "

He then com-

p let es the operation working from below, seated at the
foot of the table, facing the stump rather than leaning
across or stooping.
After the larger blood vessels have been ligated,
and the nerves treated with alcohol, the tourniquet is
released and further bleeding controlled.

A tight

closure of the stump is then made, a lthough a small drain
may be inserted if desired. (73)
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F.

POSTOPERATIVE TECHNIQUE:
Allen (12) Crossman (30) and others (54) (80) (100)

advocate the application of ice bag~ or the refrigerated
blanket to the postoperative stump.

A light dressing is

applied over the incision and the stump is rested on one

Two others are then placed tentwise at the sides

ice bag.

and another is placed at the end.

One is then removed

each day thereafter, gradually bringing the stump to normal body temperature.

Meanwhile the patient can eat and

receive his insulin and other medication in the usual
amounts.
The postoperative maintenance of reduced temperature
has several advantages according to Mock (80) and others
( 76) ( 106) ( 6 3) :

1.

It lowers the metabolic requirements of the stump

until collateral circulation is developed; since no
increase in the circulation is possible, and in view
of the operative trauma, the sloughing of the suture
lines as a result of reduced tissue vitality could
well occur.

Therefore, until circulation becomes

adequate, metabolism of the cells and healing, to a
minor degree, is slowed down by the lowered temperature.

By the same token, with a reduction in the

volume of circulating blood, there is less chance for
post-operative hematoma arising from the small vessels
that escape ligation.

Ice bags surrounding post-operative stump
prevents pain, hemorrage, and infection. One
bag is then removed each post-opera tive day .

-
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2.

Bacterial growth is inhibited until the circula-

tion of the blood, and its natural forces, are better
able to take care of any infection that might be
present.

3.

Shock is prevented because of the retarded ab-

sorption of toxins of bacterial growth and tissue
destruction.

If the tourniquet i~ released from a

warm stump, blood circulation is restored almost instantaneously, hastening absorption into the general
circulation.

The stormy influx of toxins acts on

the cerebral regulatory centers and produces manifestations of shock.

In the refri g erated stump this

does not occur, for a fter the tourniquet is removed
circulation is limited to the larger blood vessels
since the smaller vessels and ca pillaries are obliterated during refrigeration.

As warmth is restored,

circulation gradually increases and the toxins are
gradually absorbed, but in concentrations still low
enough to -be innocuous to the vital brain centers.

4.

Wound healing is delayed.

Whether or not this is

beneficial is at present food for abundant thinking
and harsh controversy.
Yudin (106) and Lobacher (65), in quenchless
zeal after a study of over one hundred cases of
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Russian industrial and war accidents, are in full
agreement with Allen (4) that hypothermia does not
deminish the viability of tissue.

Al'len, however,

admits that here is a slight delay in healing, but
feels this is not detrimental but rather a factor

J

of safety since better results are obtained by not
trying to force the tissues to heal faster than the
available blood supply permits.
Mock (80) feels that the ability to control the
rate of wound healing is one of the fundamental benefits of refrigeration anesthesia.

He feels that

since the cut surfaces do not become agglutinated
they weep serum and that this has a certain beneficial irrigating action to the wound.
Heinbecker (49) (50) and Brooks (22), on the
other hand, have proven experimentally, to their
own satisfaction at least, that the inflammatory response of tissues was inhibited during the period of
cooling, but exaggerated when normal temperature was
established, and that the grow~h restricting power
of tissues to bacterial organisms was inhibited by
prolong ed healing.
Hinchey (52) and Hal'ey (47) have attempted to
answer the question by dividing a series of cases,
and employing spinal anesthesia for one group and
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refrigeration anesthesia for another, and 1n one
case of bilateral amputation, using both procedures
on the same patient.
Haley, in agreement with Hinchey, states that
there is little if any difference in the wounds
whether the operation was performed under spinal or
done with the ice-tourniquet technique.

They do add,

however, as does Heinbecker, that in regard to the
absence of shock, control of hemorrhage, and the
patients general comfort, refrigeration is far
superior.
It is evident, then, that studies on tissue response
to the principles of refrigeration, with the exception of
the investigations cited above, are conspicuous by their
absence.

G.

THE USE OF THE TOURNIQUET

The use of the tourniquet has long been one of the
great controversies in Medicine, especially during the
latter war years.

Most of these objec~ives have been

centered about three points:

1.

The local asphyxia of the tissue distal to the
tourniquet.

2.

The damage to the tissue compressed by the
tourniquet.
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3.

The shock that results when the tourniquet is
released.

Heinbecker -- the most severe critic of some of the
aspects of refrigeration anesthesia -- feels that any of
the merits or harmful effects of this therapy should include a careful consideration of the associated use of
the tourniquet.
He (49) (50) (51) feels, after considerable experimenting with dogs on prolonged hypothermia, that since
the tissues distal to the area of constriction are ischemic, they undergo degeneration.

He also feels that

the tourniquet itself, if narrow and tight, may, by
direct pressure on underlying nerves cause a temporary
paralysis.

Lastly, he feels that during the period of

tissue constriction, metabolites gather and cause vasoconstriction and that after the tourniquet is released
a period of reactive hyperemia ensues.

If the mass of

tissue distal to the tourniquet is large, release of the
constriction may result in shock and even death.
Allen (5), in vehement denunciation of Heinbecker,
feels that the latter author has no authority to condemn refrigeration, in any of its aspects, for his work
was primarily animal experimentation.

He feels that

even if animal tissues were harmed somewhat by fortyeight to ninety-six hours of continuous cold, this is

PAGE 31

not evidence enough to reason that refrigeration for two
or three hours must be harmful.

Allen, with almost exces-

sive loquacity, has asked Heinbecker -- and this is bathos
since Heinbecker prefers general or spinal anesthesia, why
does he not condemn the use of these latter methods for
they certainly cannot be maintained for forty-eight to
ninety-six hours without harmful effects!
Allen (3) feels that Heinbecker and his co-workers,
without a single experience with refrigeration for either
human amputation or therapeutic preservation, and without
any experience whatever with brief refrigeration, have no
justification to condemn the use of refrigeration anesthesia for civil and military surgery.
Although the application of a tourniquet is mainly for
the arrest of intoxica tion or hemorrhage, and secondarily
for anesthesia by nerve asphyxia, clinically it may be
considered in three forms:

1.

The most primitive form is a simple tight tour-

niquet without refrigeration.

This method is endorsed

by the United States Army in cases where the loss of
the limb is inevitable.
Adolph (1), in relating his interesting experiences in the Sino-Japanese war, used the delimiting
tourniquet and believes that there is a very definite
field for the use of a tight gum-rubber tubing

I
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tourniquet to prevent the absorption of toxic products
from severely septic or gangrenous extremities which
are known to require subsequent amputation.

He found

in many cases, often seen several days after injury
and in which the insult of toxemia was added to that
of malnuitrition and infection, drastic restoration
of the normal metabolism by the simple expedient of
applying a tight tourniquet well above the affected
area.
Maxeiner (67), in preparation for amputation
for gangrene, tightly wraps several loops of gumrubber tubing about the extremity at the lowest possible point at which the member can be safely sacrificed.

Ten percent formaldehyde dressing are then

applied to control infection and putrifaction of the
dead distal extremity.
Both of the above procedures physiologically
separate the infected part from the individual whose
general well being and physical status must be improved before amputation.

These methods deserve

consideration where neither apparatus nor ice is
available.

2.

Conversely, the use of refrigeration without

the tourniquet has been used by McElvenny. (71)
He feels that there is no need to hurry in any
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case, and that time is gained for the patient to rid
himself of his toxins, and improve his physical and
mental status for a well selected amputation.
His method consists essentially of freezing the
extremity solid, by the use of the Therm-o-Rite apparatus, and keeping it as such until the patient is
oriented, active and cheerful.

The patient is then

prepared for surgery in the usual manner and the leg
amputated.

A sterile tourniquet is used only as a

constrictor for severing and ligating the larger
vessels.

The solid freezing may be regarded as es-

sentially equivalent to a tourniquet with refrigeration.

3.

Refrigeration with the tournique~ controls pain,

infection, and decomposition; lengthens the surgical
time limits, and serves most efficiently as a
temporary amputation.

This has been pointed out in

detail by the clinical experiences of the numerous
authors cited above.
However, as has been previously mentioned, the
subject of refrigeration and tourniquet combination
is at present a hot-bed of dispute and speculation.
Heinbecker (50) feels that all refrigerated
tissue should be removed at operation.

This is done

by applying the cold and tourniquet distal to the
level of amputation.
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Mock (80) feels that reduced temperatures obviate
all the objections to the use of the tourniquet because the compressed and asphyxiated cells are at
physiologic rest and ar~ therefore, not throwing off
waste products.

He feels that refrigeration above

the site of the tourniquet is imperative.
Lam (62), granting the possibility of a local
complication of retarded wound healing in a few cases,
feels that this is unimportant in comparison to the
lowered mortality rate.
Definite evidence is available that refrigeration
with ice does produce adequate surgical anesthesia
for major amputation, but further experience in the
hands of many observers will be necessary for the
procedure to take its proper place in our surgical
armamentarium.
Thus it is within due bounds of a conservative
statement to say that there has, at this time at
least, been insufficient investigation to establish
or refute these objections definitely.
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REFRIGERATION FOR THE TREATMENT OF BURNS

As has been pointed out, hypothermia locally is
known to inhibit pain, edema, infection, shock, toxic absorption, and tissue devitalization.

These are precisely

the conditions that must be overcome in the adequate
treatment of burns.
It must be said at the outset that temperature reduction does not preclude the usual treatments of burns.
On the contrary, it can be combined with practically any
of the known aides. (3)
Elmon (35), in study of the influence of environmental temperature on the mortality of rats with severe
cutaneous burns, concluded that the lowest mortality
occured at 75°F. and increased to 100% with an increase
or decrease of 20°. (60)
Allen (9), on the other hand, believes in the immediate application of cold, near ice temperature, during
the acute crisis of shock and intoxication, for two or
three days, if necessary.

This is followed by a gradual

raising of the temperature, for more rapid healing, to
as high as possible without a return of symptoms.

This

"zone of comfort" was shown by Kross, in an eighty-nine
day hypothermia study of a "hopeless" burn case, to be
in the neighborhood of 60°F.
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Allen feels that the best emergency treatment of a
burned limb is to plunge it into iee water, or to apply
ice to any burned area where this is not practical.
This is followed by formal treatment, which consists
of covering the burned areas with a thin layer of gauze
impregnated with petrolatum without cleansing or debridement.

He (11) contends that the wounds will automati-

cally cleanse themselves with daily dressing changes.
Radical refrigeration without the tourniquet, then
follows, either by the application of ice bags, crushed
ice, or mechanical refrigeration, so that the burned
area is at about

4o°F.

for two to four days.

The

patient remains pain free, has a good appetite, and has
no need for opiates.

The temperature is then raised as

high as possible to aid time repair yet as low as necessary for comfort.
Pfeiffer and Patterson (90) have conveniently listed
the advantages of refrigeration in the treatment of burns
as follows:
1.

Pain is controlled.

2.

Infection is prevented.

3.

Shock is deminished,

4.

Serum loss is decreased.

5.

Toxic absorption is deminished.

6.

Tissue destruction is lessened.

7.

It does not interfere with any of the usual
treatments of burns, but can be used in combination with them.

I
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REFRIGERATION FOR SKIN GRAFTING

Refrigeration anesthesia for skin grafting opened a
new field for the use of reduced temperatures in surgery.
However, the associated field of preservation of
skin grafts is not new, for Carrell (25) (26) after experimenting with various media for preserving skin, suggested to surgeons, as far back as 1911, that refrigerated
skin might well be used clinically to advantage.
Webster (103) has used vaseline-packed refrigerated
skin grafts for the last fourteen years and feels it is
of special value in grafting young debilitated, extensively burned patients.

His grafts have been from cadavers,

amputated limbs, as homografts, and autografts, and he has
employed the procedures successfully thirty-six times.on
twenty-three patients.
He feels that its application has widespread use,
and that the technique is simple enough to warrant its
use more often in surg ery today.

His studies show, how-

ever, that skin should not be kept in "suspended animation"
for more than three weeks, but within that time can safely
be used more widely:

1.

To store excess remnants of grafts for possible
future use.

2.

To delay grafting until suitable conditions of
the recipient areas prevail.
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3.

To divide long hazardous operations into two or
more less taxing stages.

Refrigeration anesthesia has actually become a part
of the art of skin grafting as well as the preservation
of tissues.

Mock (81), while in the naval service, was

too pressed for time and equipment to use the usual
methods of aseptic skin grafting.
Again the lowly ice bag inscribed a new chapter in
the techni ques of skin grafting. Two hours before operation, one or more uncovered ice bags, depending on the
amount of skin to be anesthetized, were applied directly
to the future donor site.

The donor site was then

cleansed with alcohol and pinch grafts were taken without
pain, placed on the recipient site, and dressings applied.
'Ihe anesthetic lasted for twenty to thirty minutes, and
in a series of cases, many of which were done at the
bedside, refri g eration did not noticeably affect the
gro wth or the repair at the donor site.
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REFRIGERATION IN THE PREVENTION AND TREATMENT OF SHOCK

"No patient should intentionally
be subject to shock merely because
he is strong enough not to die
from it.tt
Allen ( 13)

Shock has always been an outstanding and disturbing
factor in thigh amputation, both during and after operation.

In addition to the operative trauma, general and

spinal anesthesia have contributed greatly to the secondary surgical shock.

With refrigeration anesthesia shock

is non-existent. (55)
Blalock (19) has shown by the application of cold
and heat to crushed extremities of dogs, that the average
time of survival of the animals to which cold was applied
was more than twice that the group to which the body
temperature was elevated.
He (20) has also shown that the blood flow to the
extremities is more greatly reduced in the presence of
secondary shock -- that is shock with arteriolar vasoconstriction -- than is that to the more vital structures
such as the brain, heart, ad'renal glands, etc.

Thus, if

the blood volume is significantly reduced by hemorrhage
or trauma, an increase in the blood content of the skin
and muscle following the application of excessive heat,
will be accompanied by a reduction of blood flow to the
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more vital organs.

It becomes apparent, then, that the

indiscrimate use of hot water bottles and other heating
devices may result in harm rather than improvement in
the general condition of the patient in shock.
Calver (24) has pointed out that regardless of how
shock is produced, it is a state of general cellular
atonia resulting from the effect of unbalanced cell
metabolism -- virtually a state of cell starvation.
Foremost then, things that increase the metabolic
rate of the individual in shock must be avoided. (64)
It is clear that two approaches to the delemma may
be made.

The oxygen supply to the tissues can be in-

creased to meet the existing demand, or the demand can
be decreased to meet the existing supply.

Hypothermia,

by lowering the rate of metabolism, reduces the tissue
requirement for oxygen.

Since tissue repair (e.g. wound

healing) occurs during hypothermia, it is possible that
a capillary bed damaged by previous anoxia might become
sufficiently repaired during hypothermia to make subsequent measures to restore blood volume and blood pressure
by transfusion permanently effective.
Brooks (23), without parting company with th.e facts,
points out that regardless of which theory of shock is
accepted, the results obtained by experimental means do
not support the generally accepted use of heat in the
treatment of surgical shock.
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Lobacher (65) believes that a histamene-like substance is formed from the proteins of destroyed tissue,
and that its absorption causes the blood pressure to
fail.

As a result of blood stasis tissue anoxia occurs,

capillary permeability increases, and the blood becomes
more concentrated.

Therefore, he feels that cooling the

limbs retards the formation and absorption of toxins and
hence the value of refrigeration in the treatment of
shock.
With respect to shock, refrigeration anesthesia is
superior to all other anesthetics in that it does not
introduce an additional toxic agent into the body.

By

its hypothermic action it has the unique property of
halting metabolism and simultaneously inhibiting pain,
shock, exudation, infection, devitalization of tissues
and formation and absorption of toxins.

In addition it

causes vasoconstriction of the superficial vessels so as
to provide more blood and oxygen for the vital organs.
According to conditions and facilities, the treatment may range all the way from refrigeration near ice
temperature to the mild cooling obtained by exposure,
wetting of dressing with water or alcohol, or an air
current from a fan.

High temperatures -- such as hot

water bottles, heated blankets, etc. -- is inexcusable
in any kind of shock treatment. (6)
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REFRIGERATION IN THE TREA'IMENT OF MALIGNANCIES

It has already been pointed out that refrigeration
anesthesia grew as a new impetus from Dr. Temple Fay's
work on the effect of prolonged cooling on neoplastic
tissue.
Fay (36) has correlated the frequent appearance of
metastatic malignancies in those segments of the body
with the highest surface temperature, and the relative
infrequent metastasis below the elbows and knees.

He has

shown by biopsy studies the absence of mitosis in carcinomatous tissue kept below 90°F.

In "hopeless cases of

· carcinoma", by general bodily hypothermia for five days,
he has given spontaneous relief of pain for periods ranging
from two days up until five months, during which narcotics
could be withdrawn in nea rly every instance.
Whittemore (105) has pointed out that it is a common
observation that these patients are completely amnesic as
to their period of crymotherapy, although they respond
rationally and intelli gently during this time.
Smith (97), a co-worker of Fay at Temple University,
has used refrigeration in the treatment of oral, esophageal, gastric, rectal, vesical, cervical, and mammary
cancers, as well as in the treatment of brain tumors,
bone sarcoma, lymphosarcoma, Hodgkins disease, and
melanosarcoma.

He further adds (96) that in every case
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where it has been possible to mechanically apply apparatus
to such lesions, so that the delivered temperature would
fall to the desired range of
tumor mass occurred.

40-so°F.,

regression of the

Tb.is has often been accompanied by

typical regressive cell changes, going on to complete
necrosis and in several instances to actual disappearance
of the tumor cells, as observed histologically in serial
biopsies.

further confirmation was obtained in several

cases that died of metastasis envolvement elsewhere, but
showed no tumor tissue locally at autopsy.
McCravey (68) has reported almost unbelievable success in the use of refrigeration in treatment of tumors
of the bladder.

Although his results are of therapeutic

rather than of anesthetic significance, they are worthy
of mention.
In four cases of carcinoma of the bladder, pronounced as hopeless terminal cases by competent urologic
surgeons, he has done a semipermanent suprapubic cystostomy and applied crymotherapy at a constant of 40°F.

He

did this by circulating ice cold water through hollow
metal applicators placed directly over the tumor mass.
Serial biopsies governed the extent of refrigeration,
which varied from 43 to 133 days.

In every case, except

one that died of associated metastasis, the tumors deminished beyond his histological recognition.

Unbeliev-

able as it may seem, because of, or in spite of, refrig-

43

PAGE

eration these patients are still living!
Arguing on purely theoretical grounds, and realizing
that a shade of uncertainty still exists as to what will
be the final revelation in the treatment of carcinoma, a
combination of irradiation therapy, surgery, and hypothermia may well increase the effectiveness of each procedure in the future.
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REFRIGERATION AS A LOCAL ANESTHETIC

This review need not include the common use of the
ice bag or other cold applications, but for certain general office or home uses, and often emergencies, ice can
be a method of choice for anesthesia.

For example, often

small areas are so badly infected that injections of
novacaine are unwise, or ethyl chloride causes too much
pain because of its burning sensation.

In such cases,

especially of boils, subcutaneous abscesses, and infected
sebaceous cysts, Mc Laughlin (75) has found the cool
courtesies of ordinary ice cubes a highly creditable
local anesthetic.

In a series of forty-five cases treated

aboard ship in tropical water, he (74) found that three
to six ice cubes held for twenty minutes in immediate contact with the skin gave satisfactory superficial anesthesia for nearly a minute.
Friederwitzer (43} has used a similar technique for
infected toenails, paronychia, and dislocations of the
wrist, fingers, and elbow.
Safford and Nathanson (92), for incision of paronychia, place a small rubber band as a tourniquet at the
base of the finger and then anesthetize the finger by
holding it in a glass of ice water for fifteen minutes.
More thought on this subject will undoubtedly increase the use of ice as a safe, simple and practical
local anesthetic.
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MILITARY USES OF REFRIGERATION

Although refrigeration as an anesthetic came into
use nearly ten years ago, it did not come into military
use until near the close of the recent war.
Allen has said "the neglect is chargeable to the
scientific advisors rather than the armed services themselves •..• Regrettably adoption seems farther advanced in
foreign armies than in our own. " ( 28)
However, through the initiative and ingenuity of
individual medical Qfficers, it was used where ordinary
anesthetics were lacking or not indicated.

The work of

Adolph in regard to the delimiting tourniquet, and of
McLaughlin in reference to cutaneous anesthesia with ice,
has already been mentioned.
Ferguson (40), who served aboard a hospital ship in
the combat areas, says that experience with gas gangrene
led the medical staff away from the use of both spinal
anesthesia and nitrous oxide in favor of refrigeration and
a tourniquet.

A like view is shared by Auster (14) who,

because of the unsatisfactory course of patients with gas
gangrene, regardless of incision and excision, and regardless of the use of chlorinated wet dressings, X-ray, and
liberal antitoxin administration, was forced to resort to
early amputation.
Ottaway (87), faced with similar circumstances, very
ingeniously designed an insulated cabinet made from a
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Freon unit. of a drinking dountain --

tlebutt.
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stolen from a scut-

He feels that refrigeration may well be expected

to play a future military role in the transportation of
limb casualt.ies, in operative anesthesia especially for
pa~ients too weak to tolerate added shock, and in management of all classes of injuries mentioned in preceding
sections.
Holman (53) has pointed out in discussing war injuries to arteries, that tourniqueted limbs should be packed
in ice or ice bags before and during transportation, and
that they can remain in such a state for five or six
hours without tissue damage.

Meanwhile plasma, transfusion,

parental fluids, and other shock-combating measures can be
instigated.

He further stresses the advantage that after

a few hours of refrigeration, debridement can be done immediately upon the arrival at an evacuation hospital without further anesthesia.
In regard to the immersion-foot syndrome, the principle of refrigeration has been employed to provide therapeutic cooling of the hyperemic feet during the early
stages.

Webster, (102) in a study of 142 cases of immer-

sion foot has concluded the extremities affected should
be kept cooled until all edema has subsided, all extravasated blood reabsorbed, and the vasomotor tone re-established.

This treatment is subscribed to by White,(104)

who stresses that the patient as a whole should be kept
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warm except for the chilled, bloodless extremity which
should be kept cooled so as not to increase its metabolic
demand for oxygen more rapidly than can be supplied by
the tardy restoration of the peripheral circulation.

He

further adds that the extremity should be kept above
heart level to lessen danger of edema, and that it should
be kept surgically clean.
It would seem then, that this method of anesthesia -and we trust it never need be -- can have a wide application in war surgery.
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MISCELLANEOUS USES OF REFRIGERATION ANESTHESIA

Orthopedic surgery promises to be one of the most
important fields for the application of refrigeration.
Bingham (17) has pointed out the high value of local cold
in the general treatment of sprains and ruptured muscles
and tendons.
Gratz (2) uses a modified procedure for many orthopedic operations.

He applies refrigeration with a

tourniquet for two hours and then releases the tourniquet
for from five to fifteen minutes, and reapplies it shortly
before beginning the operation.

In this way he has ob-

tained perfect anesthesia for reconstruction of the knee,
semilunar cartilage dislocations, dislocations of the
patella, patella ligament tears, and even osteotomies and
bone grafts.
In application of the same principles, Smith (97)
has shown that a cooling pad over the lower thoracic and
lumbar regions is effective to a surprising degree in
controlling lower abdominal and pelvic pain.

This is

apparently through the reduced conductivity of pain impulses by the refrigerating effect upon the posterior
roots, thus breaking the continuity of the reflex arc.
Again to digress momentarily from anesthesia to
therapy, Talbott and Tillotson (98) have made an exten~
sive study of the effects of cold on mental disorders,
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primarily Schizophrenia.

They feel that hypothermia may

offer a modicum of hope in the treatment of this essentially
incurable malady.

They have shown that reduced temperatures

for as much as sixty hours, at 85°F. or below, is closely
allied to procedures such as deep narcosis or gradual anoxemia.

They feel that its value lies especially in treat-

ment of schizophrenia in its early stages.

They have

reported ten early cases of frank schizophrenia who were
treated by a general lowering of the body temperature.
The enlightening observation, heretofore unrecognized, was
that during the hypothermia these patients looked, talked,
and acted normal, suggesting that during the firs~ years
of schizophrenia irreparable morphologic damage to the
central nervous system does not occur
The claims of other investigators is almost breathtaking.

Green (46), for example, has frozen the leg of a

cat so hard that it would emit a ringing note on tapping!
Yet, he claims, it recovered without the loss of tissue.
Blakemore (18), in seeking an efficient method of
blood vessel anastomosis adaptable to war use, completely
amputated the right hind legs of two dogs at mid-thigh,
preserved them for twenty-four hours in cracked ice, and
then, by using heteroplastic vein grafts to bridge the
defecte of the femoral artery and vein, reimplanted the
limbs.

Toe anastomoses functioned for an average of

twenty-eight days!
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Then Melick (77) has mentioned the good possibility
of application of a tourniquet and refrigeration around
the mid-abdomen for surgery below the umbilicus!
It can be seen, then, that clearer concepts regarding the benefits which may be expected from refrigeration
are at hand.

There is, however, much to be done relating

to the determination of the limits of safety and the
extension of the usefulness in surgery.

Its usefullness

in the future will probably extend to include any type
of major operation. (44)

PAGE 52

SUMMARY
ADVANTAGES OF REFRI GERATION ANESTHESIA:
1. Ice method is economical and simple
2. Mechanical method with thermostatically
controlled apparatus--£ar excellance

3. Few -- if any -- contraindications

4. Refrigeration is a purely physical agent

requiring no strain on bodily protective
devices

5. Refrigeration with a tourniquet affords
surgical anesthesia and does not of
itself require amputation

6. Shock is virtually non-existent

7. No additional toxic agent is introduced

into the body (as with most anesthetics)

8. The anesthesia is absolutely complete in
that it eliminates all painful, tactile
and other stimuli along the spinal and
sympathetic nerve paths; this is important since incomplete anesthesia is
. a major cause of operative shock

9. Useful when usual forms of anesthesia are
contraindicated (e.g. pneumonia, uncontrolable diabetes, heart anomalies, etc.)
10. Long deferrment of operation possible
without harm
11. Multiple operations possible
12. Excellent in military use for transportation
of limb casualties
13. Immediate operation without additional
anesthesia possible at any time
14. Pre- and postoperative sedation can be
avoided--excellent for aged and allergic
15. Pre- and postoperative pain is absent
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16. Preoperative condition of patient can be
improved while part is "physiologically
amputated"
17. Refrigeration with a tourniquet stops the
continued entra nce of bacteria and toxins
into general circulation
18. It can be an effective local anesthetic for
. for hospital, office, and home use
19. Metabolism of injured part reduced so even
· collateral blood supply is adequate
20. Preservation of tissues is favored by the
decreased need of oxygen and the decreased
accumulation of waste products
21. Amputations carried out at lower levels than
usual can be performed
22. Vitality of tissue and blood vessels is
preserved, thus inhibiting blood clotting
and thrombus adhesions to vessel wall
23. Postoperative hematoma is discouraged
24. Postoperative sepsis and edema is minimized
25. Drainage when necessary is facillitated by
non-agglutination of wound edges
26. Wound healing can be controlled
27. Fibroblastic and blood vessel growth is
slowed, producing more nearly normal
tissue with less collagenous scar tissue
28. Toxic absorption is deminished
29. Excellent for diabetic patient:
(a) Most general anesthetics elevate blood
sugar; with hypothermia the blood sugar
tends to drop
(b) Most general anesthetics produce nausea
and vomiting; this is detrimental to the
diabetic and is avoided with refrigeration
(c) Fall of blood pressure which often follows
spinal anesthesia is avoided
(d) Patient need never miss a meal; constitutional strength and insulin regime can be
maintained.
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(e) Basal metabolism is reduced
(f) No significant alteration of plasma
proteins occurs
(g) Shock is avoided; patient can sit up and
move about -- bed sores prevented
;IJ. A valuable adjunct in the treatment of burns

without interfering with the usual methods
of therapy
31. Suffering and blood loss from the usual
periodic loosening of an emergency
tourni yuet can be avoided
32. It offers an almost virgin field for
future research and experimentation

DISADVANTAGES OF REFRIGERATION ANESTHESIA:
1. Ice apparatus is inconvenient and messy
2. Nursing problem is increased

3. An occasional patient will no~ cooperate with
the cooling procedure

4. Mechanical apparatus is very expensive
5. Pulmonary complications are not infrequent
6. Wound healing is delayed and hospitalization
is prolonged
7. The natural inflammatory responses are
hampered

8. Suture removal is delayed
9. Danger of contaminated ice
10. Previously chilled tissues are more ·
susceptible to infection
11. Nerve degeneration changes are possible
12. Decreased circulation lessens concentration
of chemotherapeutic drugs
13. It is still in the experimental stage, and
not accepted by many well-informed
authorities

I

PAGE

CONCLUSIONS

•
Thus the virtues and pitfalls of refrigeration
anesthesia have been presented.

Starting with its

use for amputations it has spread -- like a river that
wanders and widens the waters of many fields -- into
nearly every aspect of Medicine.
It is hoped that a concept has emerged of the
potential value, or \allure, of refrigeration in medical therapeusis; in spite of the many centuries of
almost subconscious recognition of the usefulness of
cold in the treatment of pain and fever, perhaps
because of its very simplicity, its more extended use
has just begun to be explored.

In fact, the whole

range of its potential application to the treatment
of human symptoms and disease must await .only the
time and the effort for discovery.
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